Nitrogen-vacancy (NV) centers in diamond have numerous properties that make them an attractive solid-state system for fundamental investigations of spin-based phenomena as well as for the implementation of quantum information processing. Among these are a long spin coherence time at room temperature [1] , an electronic level structure that allows optical initialization as well as read-out [2, 3] , and the ability to address individual centers [4] . These properties have been used to study the interactions with nearby electronic [1, 5, 6] and nuclear spins [7, 8, 9] . Despite recent progress in understanding the details of the electronic and spin structure of this defect center [10, 11] there are still important unresolved questions; particularly in regards to the detailed structure of the excited state (ES) [12] . Understanding these excited state spin levels is of critical importance for high-speed optical control of diamond NV centers [13] and for potential quantum information applications such as a quantum repeater [14] .
Accessing the spin structure of the orbital excited state has been an experimental challenge due in part to the short lifetime [10, 12] . Furthermore, local strain is expected to play a more important role in the excited state than it does in the ground state [10, 15] which means that ensemble measurements are problematic whenever there is a variation of strain within the sample. Previous experiments designed to probe the excited state have focused on resonant optical transitions at low temperature [15, 16] where the zero-phonon transition line is narrow and the vibronic sidebands can be excluded.
Here, we pursue a simple and powerful alternative approach to probe the excited state spin levels at room temperature where we can easily vary the strength and direction of the magnetic field. By applying frequency-domain spin resonance techniques using a large microwave driving field, we can induce spin rotations of a single NV spin during the short (~10 ns) period in the ES, allowing us to capture the ES level structure as a function of applied magnetic field. Using this single-spin resonance spectroscopy, we determine room temperature values of the ES longitudinal splitting coefficient, D es =1.425±0.003 GHz, the strain-induced transverse anisotropy constant E es =70±30 MHz, the ES g-factor g es =2.01±0.01, and the constant of hyperfine coupling with the spin-1/2 nucleus of 15 N, A es =61±6 MHz.
Finally, we demonstrate significant differences between the spin levels for different NV centers presumably due to variations in local strain.
The NV center is a defect formed when a substitutional nitrogen is located at a lattice site adjacent to a carbon vacancy. In the negatively charged state (NV-), as studied here, this defect center is a spin triplet in both the electronic ground state (GS, 3 A) as well as the ES ( 3 E) ( Fig. 1.(a) ). Optical transitions between these levels are primarily spin-conserving [10] except for the presence of a nonradiative and spin-selective relaxation mechanism through an intersystem crossing to 1 A that allows for initialization under optical pumping into the m S =0 spin state [10, 17] . The spin-selective nature of this process also creates a difference in the photoluminescence signal that depends on the spin state. In particular, the photoluminescence intensity I pl is larger when m S =0 than when m S =±1.
We study individual NV centers that were artificially created in a high-purity, single crystal diamond grown by chemical vapor deposition. The diamond was implanted with isotopically pure nitrogen-15 and then processed to form single NV centers [18] . These centers can be individually addressed via our confocal photoluminescence microscope that has a spatial resolution of ~400 nm , which is large enough to cause a significant transition probability between different levels during the short (~8-12 ns) [16] ES lifetime ( Fig. 1(a) ). In order to verify that the broad features are associated with ES spin transitions, we repeat the measurement with B rf only applied when the NV center is in the GS. First, the NV spin is initialized into the m S =0 state by optical pumping for 8 μs, after which the laser is turned off. Following a 3 μs wait time, which ensures that the NV center has relaxed to the GS, a 500 ns burst of B rf is applied. Finally, with B rf off, the laser and the photon counters are turned on for 1 μs to read-out the spin state. This sequence is repeated many (~10 5 ) times at each frequency to build up statistics. With this procedure, only spin transitions in the ground state are probed. The result is plotted in figure 1(d) below the previously described CW measurement. The broad resonances are not visible when the spin is only manipulated in the GS, which confirms that they correspond to spin transitions in the ES.
We now apply our technique to study the ES spin structure in more detail. This is analogous to the situation at 1028 G where m S =0 and m S =-1 cross in the GS [19] .
Careful examination of the ES dips reveals that each resonance is actually composed of two broad dips ( Fig. 2(a) - (c)). This is consistent with the hyperfine (HF) splitting of the ES spin levels by the nuclear spin of 15 N (I=1/2). Similarly, the GS transition is also HF split into a doublet with a splitting of 3.01±0.05 MHz at 31 G (not shown), which is similar to previous reports for 15 NV centers [22] . The HF splitting in the ES, however, is significantly larger (~60 MHz) which reflects the larger spin density of the ES wavefunction near the N nucleus [23, 24] and agrees with a rough theoretical estimate. Identification of HF split transitions allows us to label the ES spin levels according to the electronic and nuclear spin quantum numbers of the NV electronic spin (m S ) and the 15 N nuclear spin (m I ), respectively. At B>50 G and away from the 500 G ES level crossing, these are good quantum numbers and we will use them to label specific transitions.
In order to quantify the evolution of these transitions as B is increased, we fit high-resolution scans of the ES dips with two Lorentizians. These data show a large nuclear polarization, possibly caused by dynamic nuclear polarization through the hyperfine interaction. This will be examined in more detail in future work. A nuclear polarization of the opposite sign has also been observed at 490 G in GS transitions in Ref. [1] .
The large polarization causes many of the m I =-1/2 dips to be partially obscured by the m I =+1/2 dips (e.g. see Fig. 2 (Fig. 2 (g) ) which confirms that the ES transitions
are not yet saturated at these driving fields. 
T 0 =12 ns is the ES lifetime of m S =0, T ±1 =7.8 ns is the ES lifetime of m S =±1 [16] , and T * is a time associated with all other sources of decoherence and broadening by the driving field. Neglecting T*, we expect a FWHM of ~67 MHz, which is in good agreement with the measured values ( Fig. 2(d) and (f)) and further supports that the optical lifetimes are the dominant factor that determine the FWHM in these data.
The frequencies that result from the Lorentzian fits for each of the four ES dips are plotted together in figure 3 (a) and (b). We simultaneously fit these data to four transitions between the eigenvalues of the ES spin Hamiltonian: A es is the hyperfine splitting constant, and E es is the coefficient of strain-induced transverse anisotropy.
We expect the latter to be noticeable: the ES, as an orbital doublet, is strongly affected by strain.
Moreover, at B=0.7 G we also see that the orbital singlet in the GS is strain-split by ~6 MHz more than can be accounted for by Zeeman splitting (Fig. 3(d) means that the orbital contribution, previously estimated to be ~0.1 [27, 28] , is quenched in the case of high strain as expected. The best fits to the data are also shown in Fig. 3 and large magnetic field we would expect four HF-split doublets (two from each branch), while we observe only two. In Fig. 3(c) , we tentatively identify the observed ES features as belonging to the upper orbital branch of the strain-split levels. This assignment is based on the energy scale of the observed features. The symmetry of the data, the agreement with Eq (1), and the value of the splitting within each of the doublets strongly supports our conclusion that the doublets are the result of HF splitting rather than belonging to separate branches of the diagram in figure 3(c) . There are many factors that may explain why we do not see evidence of the lower branch. One possibility is spin mixing of m S =±1 with m S =0 levels due to transverse spin-orbit coupling [10] . If the ESR-induced transition probability into m S =±1 is comparable to the spin mixing, dips in I pl would be undetectable. Other possibilities include a very short (<2 ns) lifetime, an unequal excitation of the orbital branches or a combination of these.
Finally, as further evidence that local strain is playing a dramatic role in the ES spin levels, we have plotted in figure 3(d) a CW ESR measurement at 0.7 G for another NV center, NV2, below the same measurement of NV1. Although NV2 has a value of D es =1.425±0.001 GHz, nominally the same as NV1, the 0.7 G splitting between the ES dips of NV2 (552±1 MHz) is significantly larger than the splitting observed in NV1 (131±3 MHz), which may correspond to a larger strain-induced transverse anisotropy
[29]. The low-field splitting between the GS spin levels in NV2 is also correspondingly larger than in NV1
( Fig. 3(d) insets).
In conclusion, we have presented a measurement of the excited state spin levels of a single NV center. We find that the data fit closely to a spin Hamiltonian including the effects of hyperfine splitting and transverse anisotropy caused by strain. We also present evidence that suggests that strain plays a critical role in the ES spin Hamiltonian which presents an opportunity to adjust the spin levels through strain engineering. Moreover, an electric field can also act as a local strain [15] which opens the door to high-speed manipulation of the ES spin-levels and may prove useful in the implementation of quantum gates as well as ultra-fast, all-optical quantum control schemes [13] .
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